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a b s t r a c t
Asteraceae family members are well-known for their medicinal potential, comprising several properties
that make them unique among plants. Here we focus on Santolina semidentata, an endemic plant from
the Iberian Peninsula, not yet described for its medicinal properties. Phytochemical characterization of
S. semidentata was performed, concerning total phenol content, ﬂavonoid content, antioxidant capac-
ity, HPLC-DAD proﬁle, acetylcholinesterase inhibitory capacity, cytotoxicity and neuroprotective effect
in a human neurodegeneration cell model. Moreover, essential oil composition and antifungal activity
were also analised. This oil might be useful for therapeutical purposes, particularly in the treatment
of dermatophytosis. S. semidentata potential for neuroprotection was revealed by acetylcholinesterase
inhibitory capacity and also by an effective protective effect in human neuronal cells. Furthermore, dif-
ferent seed conservation protocols, aswell as successful in vitro propagationwere establishedwhichmay
be useful when integrated in a broad strategy for the conservation of these endemic plants and their sus-
tainable use for potential biotechnological applications. The results presented here greatly contribute to
value this species regarding its potential as a source of phytochemicals with prospective neuroprotective
health beneﬁts, either as alternative neuroprotective drugs or as leads for synthetizing more effective
molecules.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction
From very early times, medicinal plants have been a rich
source of biologically active compounds. Asteraceae (Compositae)
species have been largely used in traditional medicine, being
currently studied for their antioxidant, antimicrobial, antiviral,
anti-inﬂammatory, anti-Alzheimer’s disease and free radical scav-
enging potential (Ardestani and Yazdanparast 2007; De Logu et al.,
∗ Corresponding author. Tel.: +351 214469651; fax: +351 214433644.
E-mail address: csantos@itqb.unl.pt (C.N. Santos).
2000; Fabri et al., 2011; Naqash and Nazeer 2011; Nikolova et al.,
2011; Shahwar et al., 2011; Tavares et al., 2011). Plants from this
family have been described as important sources of ﬂavonoids, ter-
penoids and coumarins, responsible for antimicrobial, antioxidant
and hepatoprotective activities (Fabri et al., 2011; Casado et al.,
2002; Sacchetti et al., 1997; Silván et al., 1996; Utrilla et al., 1995).
Within the Asteraceae family, Santolina spp. have already been used
as source of several natural products including ﬂavonoids, ter-
penoids, coumarins and polyacetylenes, evidencing the medicinal
interest of these plants (Ferrari et al., 2005; Casado et al., 2002;
Sacchetti et al., 1997; Silván et al., 1996; Utrilla et al., 1995).
http://dx.doi.org/10.1016/j.indcrop.2015.04.037
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Due to these unique potential properties to be used inmedicine,
chemical characterization of Santolina species is relevant. The
genus Santolina is represented by more than 100 species widely
distributed in the Mediterranean area (Ferrari et al., 2005). San-
tolina semidentata Hoffmanns. & Link is an endemic plant of the
northwestern Iberian Peninsula (León, south of Lugo, northeastern
portion ofOurense, north of Zamora andTrás-os-Montes provinces,
and the Brezomassif) (Rivero-Guerra, 2009) and its extent of occur-
rence in Portugal and Spain spans along 3,904km2 (CEC, 2009). S.
semidentata is found at altitudes of 400–1400m above sea level,
usually on slates and quartzite or schist (Rivero-Guerra, 2009). It is
a relatively common species, being present in 36 localities in Spain
andhas been estimated to have 10,000 individuals in Portugal (CEC,
2009; ICN, 2006).
There is no reported information for potential bioactive com-
pounds from S. semidentata plants. Therefore, the evaluation of
chemical proﬁling can reveal possible future applications of this
species, not yet extensively characterized. To address the poten-
tial of plants from S. semidentata as sources of bioactive products,
phytochemical evaluation was performed through spectropho-
tometric and chromatographic methods: total phenol content,
ﬂavonoid content, HPLC-DAD proﬁle of extracts and essential oil
composition. Also antioxidant capacity, cytotoxicity proﬁle, neu-
roprotective effect and acetylcholinesterase inhibitory capacity of
extracts, as well as antifungal activity of the essential oils were
evaluated. Moreover, the establishment of successful seed conser-
vation, in vitro germination and vegetative propagation represents
a potentially useful approach towards species conservation and
sustainable use. Micropropagation protocols able to induce mul-
tiplication of plants while maintaining the production of bioactive
compounds have been reported for other Santolina species (Casado
et al., 2002; Iglesias et al., 2000) but not for S. semidentata. In
this work, we report an efﬁcient procedure for in vitro micro-
propagation of S. semidentata from seedlings up to the rooting and
acclimatization steps.
2. Material and methods
2.1. Plant material
S. semidentata life specimens were collected from their wild
habitat, in Braganc¸a region (herbarium voucher number 7945 and
7496 fromBRESA-Herbário da Escola Superior Agrária de Braganc¸a,
Portugal). Samples of plantmaterial, namely leaves and stalks,were
mashed and freeze-dried until analysis. For essential oil isolation
dried leaves were used.
2.2. Extraction of plant phytomolecules
The extraction of plant phytomolecules from leaves and stalks
was performed as described earlier (Fortalezas et al., 2010; Tavares
et al., 2010a,b). Brieﬂy, to eachgramof lyophilizedpowder, 12mLof
hydroethanolic solvent (50% (v/v) ethanol/water) was added, and
the mixture was shaken for 30min at room temperature in the
dark. The mixture was then centrifuged at 12,400× g for 10min
at room temperature. The supernatant was ﬁltered through ﬁlter
paper and then through 0.2m cellulose acetate membrane ﬁl-
ters. The resulting hydroethanolic extracts were fractionated by
solid phase extraction (SPE) using a Giga tubes 2g/12mL, C18-
E units (Phenomenex®) as described before in order to obtain a
(poly)phenol-enriched fraction (PEF) (Tavares et al., 2010a,b).
2.3. Total phenolic and total ﬂavonoid content
Determination of total phenolic compounds was performed
by the Folin–Ciocalteau method adapted to microplate reader as
described in previous work (Fortalezas et al., 2010). Gallic acid was
used as standard and results are expressed in mg of gallic acid
equivalents per gram of dry weight (mg GAEg−1dw) of plant mate-
rial. Measurement of total ﬂavonoid content was performed by a
modiﬁcation of the AlCl3 complexationmethod as described before
(Tavares et al., 2010a,b).
2.4. HPLC proﬁle
HPLC analysis of S. semidentata PEF was performed as described
earlier (Hitachi HPLC instrument (VWR) equipped with EZChrom
Elite software (Agilent), Inertsil ODS-3 V column) (Gomes et al.,
2013).
2.5. Essential oils isolation and analysis
The essential oilswere isolated by hydrodistillation for 3h using
a Clevenger-type apparatus according to the procedure described
in theEuropeanPharmacopoeia (Council of Europe, 1997). Analyses
of the oils were carried out by both gas chromatography (GC) and
gaschromatography/mass spectrometry (GC/MS), using fusedsilica
capillary columns with two different stationary phases (SPB-1 and
SupelcoWax-10) as previously reported (Cavaleiro et al., 2004). The
volatile compounds were identiﬁed by both their retention indices
and theirmass spectra. Retention indices, calculatedby linear inter-
polation relative to retention times of a series of n-alkanes, were
comparedwith thoseof authenticatedsamples fromthedatabaseof
the Laboratory of Pharmacognosy, Faculty of Pharmacy, University
of Coimbra. Mass spectra were compared with reference spectra
from a home-made library or from literature data (Adams 1995;
Joulain and König, 1998). Relative amounts of individual compo-
nentswere calculated based onGCpeak areaswithout FID response
factor correction.
2.6. Antioxidant capacity
Antioxidant capacity of plant hydroethanolic extracts and PEF
was determined by the oxygen radical absorbance capacity (ORAC)
methodadapted tomicroplate as described earlier (Fortalezas et al.,
2010). Trolox was used as standard and results are expressed in
mol of trolox equivalents per gram of plant dry weight (mol
TEg−1dw).
2.7. Acetylcholinesterase (AChE) inhibitory assay
AChE inhibitionof S. semidentatahydroethanolic extract andPEF
was determined in a ninety six microtiter well plate, based on Ell-
man’s reaction (Ellman et al., 1961), according with (Tavares et al.,
2011). Effect on AChE activity was calculated as an inhibition per-
centage (%) of the maximum activity (registered on control wells
without inhibitor). Physostigmine was used in the assay as posi-
tive control. Resultswere transformed using a nonlinear regression
with Origin Pro 6.1 software (OriginLab©, USA) and the IC50 values
were determined.
2.8. Cytotoxicity proﬁle
PEF of S. semidentata was concentrated under vacuum and
dissolved in cell medium for the cytotoxicity tests (Fortalezas
et al., 2010; Gomes et al., 2013; Tavares et al., 2012a,b). The
cell viability assay was performed in a 96 well plate cell with
a neuroblastoma human cell line SK-N-MC. Cells were seeded
at 1.25×105 cellsmL−1 and grown for 24h prior to incubation
with extracts. Toxicity tests involved 24h incubation in the range
0–200g GAEmL−1 of medium. Cell viability was assessed using
the CellTiter-Blue® Cell Viability Assay (Promega), according to
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the manufacturer’s instructions. Non-viable cells rapidly lose their
metabolic capacity and thus do not generate the ﬂuorescent signal.
2.9. Neuroprotective effect against oxidative stress
Toevaluate theneuroprotectiveeffectof extracts, SK-N-MCneu-
roblastoma cells were incubated in the presence of H2O2(Gomes
et al., 2013; Tavares et al., 2012a,b). Brieﬂy, cells were seeded
at 7.4×104 cells mL−1 and, 24h after seeding, growth medium
was removed and wells were washed with PBS. Cells were pre-
incubatedwith non-toxic concentrations of S. semidentata extracts.
After 24 h of pre-incubation, cells were washed again with PBS and
medium with H2O2 at a ﬁnal concentration of 300M was added.
After 24h, neuroprotective potential viability was assessed using
the CellTiter-Blue® Cell Viability Assay (Promega).
2.10. Antifungal activity of the essential oil
Antifungal activity of the sample was evaluated against yeasts,
Aspergillus and dermatophyte strains: two clinical Candida strains
isolated from recurrent cases of vulvovaginal and oral candido-
sis (Candida krusei H9 and Candida guillermondii MAT23); three
Candida type strains from the American Type Culture Collection
(Candida albicans ATCC 10231, Candida tropicali sATCC 13803, and
Candida parapsilopsis ATCC 90018); one Cryptococcus neoformans
type strain from the Colección Espanõla de Cultivos Tipo (Cryp-
tococcus neoformans CECT 1078); one Aspergillus clinical strain
isolated from bronchial secretions (Aspergillus ﬂavus F44) and two
Aspergillus type strains from the American Type Culture Collec-
tion (Aspergillus niger ATCC 16404 and Aspergillus fumigatus ATCC
46645); three dermatophyte clinical strains isolated from nails and
skin (Epidermophytonﬂoccosum FF9,Microsporumcanis FF1, andTri-
chophytonmentagrophytesFF7), and fourdermatophyte typestrains
from the Colección Espanõla de Cultivos Tipo (Microsporum gyp-
seum CECT 2908, Trichophyton mentagrophytes var. interdigitale
CECT 2958, Thrichophyton rubrum CECT 2794, Trichophyton verru-
cosum CECT 2992).
A macrodilution broth method was used to determine the
minimal inhibitory concentrations (MIC) and minimal lethal con-
centrations (MLC) of the oil according to the clinical and laboratory
standards institute (CLSI) referenceprotocolsM27-A3 (CLSI, 2008a)
andM38-A2 (CLSI, 2008b) for yeasts and ﬁlamentous fungi, respec-
tively, as previously reported (Vale-Silva et al., 2010).
2.11. Seed conservation and in vitro propagation
Seeds of S. semidentata were collected from wild plants grow-
ing in Braganc¸a region and sent to the Seed Bank A.L. Belo Correia,
Museu Nacional de História Natural e da Ciência and to Seed
Bank Prof. João do Amaral Franco, Jardim Botânico da Ajuda –
Instituto Superior de Agronomia. Seeds were dried at 15% rela-
tive humidity at 15 ◦C, and stored at −18 ◦C (ENSCONET, 2009;
FAO/IPGRI, 1994) at theSeedBankA.L. BeloCorreia,MuseuNacional
de História Natural e da Ciência. Germination of S. semidentata
was compared under different temperature regimes −15 ◦C, 20 ◦C
and 25 ◦C constant temperatures and an alternate temperature,
20/10 ◦C (day/night) -in order to identify optimum germination
conditions tomonitor the viability of banked seeds at the SeedBank
A.L. Belo Correia (ENSCONET, 2009). For each temperature regime,
four replicates of 25 seeds were sown on ﬁlter paper in 9 cm diam-
eter Petri dishes, and placed in germination incubators (Fitoclima
S600, Aralab, Lisboa) with a 16/8h photoperiod and white ﬂuores-
cent light (44mol m−2 s−1). Germination was recorded over 55
days. Radicle emergence (approximately 1mm) was the criterion
used for scoring a seed as germinated. At the end of the incubation
period, ungerminated seeds were classiﬁed as mouldy, empty or
ﬁrm and full through a cut test and germination percentage was
calculated.
2.11.1. Disinfection of seeds
Seeds of S. semidentata collected from wild plants growing in
Braganc¸a region were surface-sterilized by a brief immersion in
70% (v/v) ethanol and then disinfected in 1% (v/v), 2% (v/v), or 3%
(v/v) sodium hypochlorite (NaClO) with 0.1% (v/v) Tween-20 for
5 or 10min. After rinsing ﬁve times with sterile distilled water,
seeds were germinated aseptically in Petri dishes containing half-
strength MS medium (Murashige and Skoog, 1962) with 2% (w/v)
sucrose and 0.7% (w/v) agar, pH 5.7. Cultures were maintained for
4 days at 4 ◦C in the dark and afterwards transferred to a growth
chamber at 22±2 ◦C or 15±2 ◦C both with a 16h photoperiod,
with white ﬂuorescent light (35mol m−2 s−1). The percentages
of germination were recorded for 30 days.
2.11.2. Multiplication of seedling-derived shoots
Apical shoots were removed from the seedlings and placed on
MS medium supplemented with 3% (w/v) sucrose and 0.7% (w/v)
agar, (pH 5.7) and without growth regulators, and maintained in
a growth chamber at 22±2 ◦C and a 16h photoperiod, with white
ﬂuorescent light (35molm−2 s−1). Multiplication rate (calculated
as the ratio of shoot number at the end of the subculture minus
the initial number of shoots to the initial number of shoots) was
recorded after each subculture.
2.11.3. Adventitious rooting and acclimatization
For root induction, shoots were transferred to MS medium with
2% (w/v) sucrose and 0.7% (w/v) agar without growth regulators,
and maintained at least 2 weeks in these conditions. A 16h immer-
sion of basal ends in a solution of indole-3-butyric acid (IBA) at
183mgL−1 (pH 5.8), solidiﬁed with 0.2% agar followed by trans-
fer to MS media without growth regulators containing 2% (w/v)
sucrose and 0.7% (w/v) agar for 7 days, was also tested (Tereso
et al., 2008). Rooting success was expressed in terms of rooting
frequency, root number, and the longest root length per plantlet.
Rooted shootswere transplanted intoplastic pots containing amix-
ture of soil, peat and perlite (1:1:1, v/v) or commercial substrate
PINDSTRUPUniversal, at 22±2 ◦C and16h light photoperiodunder
35molm−2 s−1 light intensity. Relative humidity was decreased
over time by gradually opening the plastic that initially covered the
pots.
Table 1
Chemical characterization of the hidroethanolic extract and PEF of Santolina semidentata. Total phenol content, expressed in mg of gallic acid equivalents (GAE) by gram
of dry weight, ﬂavonoid content, expressed in mg of catechin equivalents per gram of dry weight, and antioxidant capacity, expressed in mmol of Trolox (TE) equivalents
per 100 grams of dry weight, are presented. The values correspond to the mean of at least three independent measurements± standard deviation. Differences between
hydroethanolic extract and PEF are denoted as ***p<0.001.
Hydroethanolic extract PEF
Total phenol content (mgGAEg −1dw) 23.16±0.49 34.04±0.86***
Total ﬂavonoid content (mgCEg −1dw) 11.86±0.12 28.55±1.06***
Antioxidant capacity (mmol TE100g −1dw) 58.96±3.94 81.95±1.24***
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Fig. 1. HPLCchromatographicproﬁle at 280nmof the Santolina semidentataPEF. Thenumbers correspond to identiﬁedcompounds, namelyhydroxicinammicacidsderivatives
(peaks 3, 7 and 8), ﬂavones (peak 4 and 6), simple phenolic acids (peak 1), ﬂavonol (peak 5) and coumarin (peak 2). Units expressed as arbitrary absorbance units (mAU).
2.12. Statistical analysis
The results reported in this work are the averages of at
least three independent experiments and are represented as the
mean± SD. Differences among treatments were detected by analy-
sis of variance with Tukey HSD (Honestly Signiﬁcant Difference)
multiple comparison test (˛=0.05). All statistical analyses were
performed using SigmaStat 3.10 (Systat) software (Systat software
Fig. 2. Santolina semidentata sp. PEF effects on SK-N-MC cells. (A) Citotoxicity proﬁle of S. semidentata sp. PEF. Cell viability was determined for SK-N-MC cells incubated with
S. semidentata sp. PEF (0–200g GAE mL−1) for 24h. (B) Citoprotection in injured SK-N-MC cells by S. semidentata sp. PEF.Cell viability expressed as a percentage of cells
containing intact membrane. Cells were incubated with PEF for 24h and then injured by 300M H2O2 for 24h. Statistical differences comparatively with untreated cells are
denoted as ***p<0.001; statistical differences comparatively with injured cells are denoted as ##p<0.01, ###p<0.001. All values are mean± SD, n=6.
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Fig. 3. Aspects of in vitro propagation of Santolina semidentata. (A) Germinating seed, (B) germinated plantlet, (C) multiplied shoots before rooting treatment, (D) Rooted
shoots after treatment with IBA. Scale bars correspond to 1mm in A and to 10mm in B, C and D.
Inc., Copyright© 2004, Erkrath, Germany) and Statistica 10.0 pack-
age (StatSoft Inc.).
3. Results and discussion
Among the Plant kingdom, only about 10% of the existing higher
plant species have been chemically characterized (Yuliana et al.,
2011). Such fact highlights the unknown diversity that exists, rep-
resenting an immense reservoir of molecules with biotechnology
and/or medicinal potential that species not yet characterized may
hold. Here we report, for the ﬁrst time, the potential of S. semiden-
tata as antioxidant, neuroprotective, AChE inhibitor and antifungal.
Total phenolic quantiﬁcation of hydroethanolic extracts
(Table 1) reveals the potential of this plant species to have chemi-
cal scavengers of free radicals. The total ﬂavonoid content was also
determined since ﬂavonoids are a class of (poly) phenols strongly
associated with antioxidant capacity (Table 1).
The S. semidentanta extract ability to scavenge peroxyl (ROO•),
one of the most important free radicals for the human body, was
also measured by the oxygen radical absorbance capacity (ORAC)
method (Table 1). The antioxidant potential of other plants of the
genus Santolina had already been described. Nikolova et al. (2011)
have evaluated Santolina rosmarinifolia L. (herba) and Tavares
et al. (2011) evaluated Santolina impressa. Although not directly
comparable, S. rosmarinifolia presented a signiﬁcant free radical
scavenging activity among 57 extractsof 54 plant species of 30 fam-
ilies (Nikolova et al., 2011). Interestingly, S. semidentata presents
higher content in phenolics and ﬂavonoids comparing with S.
impressa, also a Portuguese endemic plant from the Comporta/Galé
site, in Southwestern Portugal (Tavares et al., 2011) (namely
23.16±0.49 vs. 4.36±0.32mg GAE g−1dw, and 11.86±0.12 vs.
1.13±0.07mg CE g−1dw). S. impressa presented a lower level of
these phytochemical that reﬂects in a much lower antioxidant
capacity for peroxyl radical than S. semidentata, here characterized
for the ﬁrst time.
Studies with other Asteraceae family members (Fabri et al.,
2011; Shahwar et al., 2011) have also shown antioxidant proper-
ties, highlighting the importance of studying this unexplored and
uncharacterized Iberian endemism.
With the main goal of obtaining a (poly) phenol-enriched frac-
tion (PEF), a fractionation by solid phase extraction was performed
(Tavares et al., 2010a,b). This method allows the elimination of
some of the compounds of the total extract, as well as the organic
acids and sugars that may interfere with the studied bioactivities
(Ross et al., 2007; Tavares et al., 2010a,b). A total phenol content
measurement of S. semidentataPEFwasperformed, having revealed
a greater value in total phenols than the simple hydroethanolic
extract (Table 1). Such results may suggest that, with the fractiona-
tion by solid phase extraction, some compounds of the total extract
interferingwith phenols quantiﬁcationhave been eliminated, lead-
ing to a phenol recovery percentage greater than 100% (data not
shown).
3.1. PEF composition
High performance liquid chromatography with diode array
detection (HPLC-DAD) was then used for proﬁling the compounds
of leaf extracts. The resulting phytochemical proﬁle (Fig. 1) identi-
ﬁed some of the major compounds by analysing their UV spectra
and comparisonwith standards, such as those proposed byRobards
and Antolovich (1997) for classes of ﬂavonoids (Robards and
Antolovich, 1997). Flavones typically show maximum absorption
rates in an intense Band II (310–350nm) with a shoulder or low
intensity Band I (250–280nm). Flavonols absorb at 250–280nm
(Band II) and 350–385nm (Band I), while hydroxycinnamic acids
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Table 2
Composition of Santolina semidentata essential oil.
IRa IRb Compound %
923 1030 -Thujene 0.3
930 1030 -Pinene 26.7
943 1076 Camphene 0.4
946 1131 Verbenene 0.6
964 1127 Sabinene 2.0
969 1118 -Pinene 6.6
981 1162 Myrcene 0.5
997 n.d. -Phellandrene 0.1
1009 1186 -Terpinene 0.8
1012 1276 p-Cymene 1.2
1019 1206 Limonene 1.6
1020 1215 -Phellandrene 0.4
1020 1215 1,8-Cineole 2.2
1025 1234 Z--Ocimene 0.2
1036 1252 E--Ocimene 0.2
1047 1249 -Terpinene 1.4
1068 1442 Cymenene 0.7
1077 1288 Terpinolene 0.4
1086 n.d. Hotrienol 1.0
1104 1490 -Campholenal 1.6
1107 1551 Z-p-2-Menthen-1-ol 0.5
1118 1515 Camphor 0.4
1121 1648 E-Pinocarveol 11.2
1126 n.d. Sabina ketone 0.9
1128 1670 E-Verbenol 1.1
1135 1566 Pinocarvone 5.9
1144 1726 p-Menth-1,5-dien-8-ol 1.1
1146 1544 iso-Pinocamphone 3.1
1158 1596 Terpinene-4-ol 3.7
1166 1624 Myrtenal 2.0
1171 1689 -Terpineol 0.7
1176 1788 Myrtenol 1.0
1177 1701 Verbenone 3.6
1198 1829 E-Carveol 0.8
1212 1777 Cuminaldehyde 0.4
1368 1490 -Copaene 0.3
1445 1639 allo-Aromadendrene 1.2
1464 1701 Germacrene D 0.5
1551 2114 Spathulenol 0.7
1555 1974 Caryophyllene oxide 0.6
1579 1788 Oplopenone 0.4
1580 2019 Ledol 0.5
1616 2169 T-Muurolol t
Monoterpene hydrocarbons 46.3
Oxygen containing monoterpenes 39
Sesquiterpene hydrocarbons 2
Oxygen containing sesquiterpenes 2.2
Total identiﬁed 89.5
Compounds listed in order to their elution on the SPB-1 column.
n.d. = not determined.
t= traces (≤0.05%).
a Retention indices on the SPB-1 column relative to C8–C23 n-alkanes.
b Retention indices on the SupelcoWax-10 column relative to C8–C23 n-alkanes.
demonstrate no Band I and absorb at 227–245nm and at 310–332
(Band II).
The HPLC analysis of the PEF showed the presence of 8 principal
peaks (Fig. 1), revealing the complexity of the analyzed sample. Of
the considered peaks registered from the chromatographic proﬁle
at 280nm, hydroxicinammic acids derivatives (peaks 3, 7 and 8),
ﬂavones (peak 4 and 6), simple phenolic acids (peak 1), ﬂavonol
(peak 5) and coumarin (peak 2) were detected. In accordance with
these results, also ferulic acid and its derivatives were the princi-
pal components identiﬁed in S. impressahydroethanolic extracts by
HPLC-DAD (Tavares et al., 2011).
3.2. Essential oil composition
The essential oil was obtained in yield of 1.0% (v/w). The com-
pounds identiﬁed and their percentages are listed by order of
their elution on a polydimethylsiloxane column (Table 2). The
oil is characterized by high contents of monoterpenic hydrocar-
bons (46.3%) and oxygen-containing monoterpenes (39.0%). The
main constituents of the oils were -pinene (26.7%), E-pinocarveol
(11.2%), and pinocarvone (5.9%). This composition is markedly dif-
ferent from the oil obtained from S. semidentata from Spain, which
is characterized by high content of sesquiterpenes (Alonso and
Negueruela, 1998).
3.3. Bioactivities
3.3.1. AChE inhibitory activity
Few AChE inhibitors have yet been approved for AD ther-
apy (Bachurin, 2003) and pharma products present adverse side
effects; therefore, ﬁnding natural sources of compounds exhibiting
AChE inhibitory effects is crucial and must be pursuit. Santolina
genus has been reported as an important source of compounds
with potential biotechnology applications due to their associ-
ated bioactivities (Fabri et al., 2011; Silván et al., 1996; Tavares
et al., 2011). In order to evaluate the AChE inhibitory potential
for compounds of S. semidentata, hydroethanolic extracts and PEF
were studied. A SPE fractionation was performed to S. semiden-
tata hydroethanolic extract, where fraction corresponds to sugars
and organic acids was discharged and obtained a (poly)phenol-
enriched fraction (PEF) (Tavares et al., 2011). Obtained results for
AChE inhibition revealed that S. semidentata PEF present a potent
AChE inhibition capacity. Other members from Asteraceae fam-
ily (Bidensbiternata, Seneciomacrophylla and S. impressa) have also
revealed AChE inhibitory properties (Shahwar et al., 2011; Tavares
et al., 2011). Comparing the effect of 2mgmL−1 of extract from
S. impressa with the same quantity of extract from S. semiden-
tanta, the later present deﬁnitely stronger inhibition properties
(40.71% vs. 64.26%, respectively). This lead us to calculate the IC50
(gmL−1) for the hydroethanolic extract and also to fractionate
the extract to obtain a (poly)phenol enriched fraction (PEF). There
is no considerable difference in the IC50 between hydroethanolic
extracts and the PEF fraction (namely, 923.44±153.34gmL−1 vs
.1112.87±268.41gmL−1) suggesting that the main compounds
present in the extract responsable for the AChE inhibitory activity
can be related with the compounds present in PEF.
3.3.2. Cytotoxicity proﬁle and neuroprotective potential
Evaluation of S. semidentata PEF neuroprotective potential was
performed taking into account the greater AChE inhibitory capac-
ity comparatively to other species and versus the hydroethanolic
extract. Based on this, S. semidentata PEF revealed to be a more
promising source of biomolecules with potential neuroprotective
capacity and therefore it was tested for this bioactivity in a human
neurodegeneration cell model.
Nontoxic ranges of the extract were deﬁned using a neuroblas-
toma cell line for a range of 0–200g GAE mL−1 for 24h (Gomes
et al., 2013; Tavares et al., 2012a,b). To cause a complete cell death,
a concentration of 100g GAEmL−1 S. semidentata PEF is required
(Fig. 2A). A concentrationof approximately 40gGAEmL−1 S. semi-
dentataPEFwas required to attain 50%of cell viability. Althoughnot
explored in thiswork, this cytotoxicity proﬁle reveal some interfer-
ence of S. semidentata phenols in the cell growth at relatively low
levels which suggest further studies to ascertain their anti-cancer
potential by comparing this effect in other cancer cells in parallel
with normal cells.
After determining the range of nontoxic concentrations, four
concentrations of S. semidentata PEF were selected and tested in a
neurodegeneration cellmodel to assess their cytoprotective effects.
This model consists of neuroblastoma cells injured with 300M
H2O2 for 24h, a condition that reduces cell viability for 50% in
SK-N-MC cells (Tavares et al., 2012a,b). Cell viability was assessed
using the CellTiter-Blue® Cell Viability Assay (Promega), a colori-
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Table 3
Antifungal activity (MIC and MLC) of Santolina semidentata essential oil for yeasts, dermatophyte and Aspergillus strains. Fluconazole and Amphotericin B were used as
controls. Results were obtained from 3 independent experiments performed in duplicate.
Strains Essential oil Fluconazole Amphotericin B
MICa MLCa MICb MLCb MICb MLCb
Candida albicans ATCC 10231 1.25 1.25 1 >128 N.T N.T
Candida tropicalis ATCC 13803 1.25 1.25-2.5 4 >128 N.T N.T
Candida krusei H9 0.64 1.25 64 64–128 N.T N.T
Candida guillermondii MAT23 0.64 1.25 8 8 N.T N.T
Candida parapsilosis ATCC 90018 1.25 2.5 <1 <1 N.T N.T
Cryptococcus neoformans CECT 1078 0.32 0.64 16 128 N.T N.T
Trichophyton mentagrophytes FF7 0.32 0.32 16–32 32–64 N.T N.T
Microsporum canis FF1 0.32 0.32 128 128 N.T N.T
Trichophyton rubrum CECT 2794 0.16 0.32 16 64 N.T N.T
M. gypseum CECT 2908 0.32 0.32 128 >128 N.T N.T
Epidermophyton ﬂoccosum FF9 0.16 0.16 16 16 N.T N.T
T. mentagrophytes var. interdigitale CECT 2958 0.32 0.32 128 ≥128 N.T N.T
T. verrucosum CECT 2992 0.32 0.64 >128 >128 N.T N.T
Aspergillus niger ATCC16404 1.25 10 N.T N.T 1–2 4
A. fumigatus ATCC 46645 0.64 5.0 N.T N.T 2 4
A. ﬂavus F44 2.5 10 N.T N.T 2 8
N.T – not tested.
a MIC and MLC were determined by a macrodilution method and expressed in LmL−1 (V/V).
b MIC and MLC were determined by a macrodilution method and expressed in gmL−1 (W/V).
metric method to determine the number of viable cells in culture.
The results show (Fig. 2B) that under H2O2 stress, levels between
3 to 6 GAE mL−1 of S. semidentata PEF are effective in promotion a
protective effect and we seem to have a dose dependent response
until 6g GAE mL−1. Cell viability is signiﬁcantly enhanced com-
pared with cells only treated with H2O2. These results reinforce
the potential of S. semidentata PEF for the use in neuroprotection
together with the antioxidant and AChE inhibitory properties.
3.3.3. Antifungal activity
Evaluation of MIC and MLC of S. semidentata oil showed a varia-
tion of inhibition among all the fungal tested. The results of the
antifungal activity are summarized in Table 3. The majority of
dermatophyte strains showed more sensitivity to this oil when
compared with Candida and Aspergillus strains, particularly for Epi-
dermophytonﬂoccosum and Trichophyton rubrum,withMICandMLC
values of 0.16 and 0.32LmL−1, respectively. For dermatophyte
strains, inmost cases, theMICwas equivalent to theMLC, indicating
fungicidal activity of this oil. Among the tested yeasts, Cryptococcus
neoformanswas the strain that showedmore sensibilitywithMICof
0.32LmL−1. This oil might be useful for therapheutical purposes,
particularly in the treatment of dermatophytosis. This infection has
increased over the past few decades, particularly among immuno-
compromised hosts (Zuzarte et al., 2011). Other members of the
Asteraceae family, such as, Otanthusmaritimus, have also demon-
strated important antidermatophitic activity (Cabral et al., 2013).
3.4. Seed conservation and in vitro propagation
Two hundred S. semidentata seeds collected in the ﬁeld were
stored at the Seed Bank A.L. Belo Correia, Museu Nacional de
História Natural e da Ciência, and atthe Seed Bank Prof. João do
Amaral Franco, JardimBotânico da Ajuda – Instituto Superior de
Agronomia for ex situ conservation. Seeds were stored accord-
ing to international standards for long-term seed conservation
(ENSCONET, 2009; FAO/IPGRI, 1994) at the Belo Correia Seed Bank,
and germination requirements were studied in order to test via-
bility of banked seeds in the future. Germination percentage of
S. semidentata seeds varied between 76% and 86% (Table 4). Incu-
bation temperature had no signiﬁcant effect on ﬁnal germination
percentage (ANOVA, F=0,712; p=0,563). Similarly to other San-
tolina species (Rivero-Guerra, 2008), the results indicate that S.
Table 4
Germination percentage of Santolina semidentata incubated at 15 ◦C, 20 ◦C and 25 ◦C
constant temperatures and an alternate temperature, 20/10 ◦C (day/night). The val-
ues correspond to the mean of at least four independent measurements± standard
deviation.
Temperature Germination%
15 ◦C 85.71 ± 4.28
20 ◦C 75.63 ± 10.85
25 ◦C 79.45 ± 6.61
20/10 ◦C 79.58 ± 14.50
semidentata does not exhibit seed dormancy and optimal germina-
tion temperatures range between 15 and 20 ◦C, a typical strategy
of Mediterranean species (Thanos et al., 1995).
A protocol for in vitro propagation of S. semidentata was here
established in order to test the possibility of including vegetative
propagation of plants collected in the wild within a strategic con-
servation plan to ensure a sustainable production of plants towards
biotechnology exploitation.Vegetative propagation starting from
in vitro germinated seeds offers advantages relatively to collecting
anddisinfectingyoungshoots fromwildplants. In seeds theembryo
is protected by several external layers, allowing the use of stringent
desinfection procedures. While in vitro germination of S. semiden-
tata seeds was not affected by temperature (data not shown), the
disinfection procedure was critical for obtaining decontaminated
seeds able to germinate. The immersion in a 3% (v/v) NaClO solu-
tion for 10min was the most effective disinfecting treatment for
S. semidentata seeds and germination rates of approximately 35%
were obtained after this procedure. However, the same concentra-
tion of disinfecting agent applied for a longer period (20min) was
too aggressive and germination rates dropped to approximately 6%.
Multiplication of apical shoots removed from seedlings was
attempted on medium without supplementation of growth reg-
ulators since these compounds have been often associated to
hyperhydricity of the shoots or stunted growth (Kataeva et al.,
1991). In these conditionswewere able to successfullymultiply the
shoots and these showed a normal appearance (Fig. 3). According
to the evaluation performed every 21 days after each subculture,
a reduction of the multiplication rate from 4 to 1.7 was observed
fromtheﬁrst to the second subculture.However, this rate increased
again in the third subculture to the initial value (approx. 4) andwas
kept stable after the fourth subculture. Furthermore, the obtained
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shoots elongated as expected and did not exhibit any signs of vit-
riﬁcation (Fig. 3B).
Rooting of the obtained shoots was only successful when using
a high concentration of IBA (183mgL−1) for 16h, as described
previously by (Tereso et al., 2008), allowing to achieve a rooting
efﬁciency of 100% (Fig. 3C and D). Similarly, Casado et al. (2002)
have reported that forS. canescens, rootingwashighestwhenshoots
were placed onto media containing auxins alone, and IBA-induced
roots were more ﬁbrous than roots induced by other auxins such
as 1-naphthaleneacetic acid (NAA) or indole-3-acetic acid (IAA).
We obtained a median number of 21 roots per plantelet, while the
main root had approximately 2 cm. At the end of the rooting period,
the acclimatization success of the plants was variable but always
under 30 % due to over growth of fungi and thus the use of fungi-
cides may be needed for increasing the success of this step. These
results demonstrate that in vitro propagation of S. semidentata is
feasible and the conditions here provided allowed to achieve satis-
factory rates of shoot multiplication, showing promising potential
for future biotechnological exploitation.
4. Conclusions
Neurodegenerative diseases are multifactorial disorders in
which many biological processes become unregulated. A multi-
target therapeutic strategy aiming at different pharmacological
mechanismsmightprovideamore rational and improveddementia
treatment approach. S. semidentata (poly) phenol enriched fraction
revealed to be a potential source of neuroprotective natural prod-
ucts. Due to its antioxidant capacity, AChE inhibitoryproperties and
neuroprotective effect in a human cell model for neurodegenera-
tion, this plant is considered a promising source of neuroprotective
phytomolecules, either as alternative neuroprotective drugs or
as leads for synthesizing more effective molecules. The extracts,
therefore, deserve to be the target of bioguided fractionation and
further characterization. The wide-spectrum antifungal activity
and high potency of the oil of S. semidentata support further inves-
tigations into the development of this essential oil for clinical use
in the management of superﬁcial and/or mucosal fungal infections.
To ensure the sustainable use of this plant, an optimal seed germi-
nation range temperaturewas deﬁned and also amicropropagation
procedure was established, yet the stable production in vitro of the
identiﬁed secondary metabolites needs to be conﬁrmed although
it is expected that in vitro propagated plantsmaintain that stability
as already veriﬁed for other Santolina species.
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